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This study was undertaken to fill the gaps in our knowledge about the 
metamorphosis in brachiopods. The present paper deals with the metamorphosis 
in Frenulina sanguinolenta {GMELIN), a common brachiopod, found attaching to 
the surface of a crustaceous coralline, L.:thothamnion sp., at the depth of 25-30 m. 
along the eastern coast of Izu Peninsula. 
The author is indebted to Dr. I. HARADA of the Shimoda Marine Biological 
Station for his constant guidance throughout this work. 
F. sanguinolenta is dioecious, but sexual distinction is not recognized by the 
external appearance. Sexes can be distinguished by internal structures, especially· 
by the color of the gonads in the ventral mantle. 
Ova, after being laid through the short oviduct, adhere to a fold of the dorsal 
mantle having mimerous mucous glands. The fold, one on each side, is called the 
nurse-ridge. The nurse-ridges start from ·a region near the gonopores and end 
at the frontal region of the dorsal mantle. The ovum is fertilized on the nurse-
ridge by the spermatozoon brought by a water current. An embryo stays on the 
nurse-ridge until it becomes a free-swimming larva. Since the eggs are laid one 
by one continuously, they are arranged in the order of developmental stages on 
the ridge. Therefore, we can get the embryos of various developmental stages 
at a. time from a single female. The maximum number of the embryos in one fe-
male was about 250. The breeding season is all round the year. Ova and young 
embryos are red in color for the yolk, but well-developed free-swimming larvae are 
pale orange in the most part of the body. As soon as the larva is released 
from the nurse-ridge, it begins to swim out of the mother's shells. 
A free-swimming larva is about 250 I" long and 190 I" wide. The body is 
divided into three parts; anterior, middle and posterior parts (Fig. 1). It stands 
vertically· on its posterior end in the mantle-cavity of the mother, but in the free-
swimming stage it takes a position of lying on its ventral side. 
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Fig. 1 A. Dorsal view of the free-swimming larva of F. 
sanguinolenta. br : bristle, c : cilia, es : eye-spot, h : head, ml : 
mantle. B. Frontal view of the head. 
The anterior part, or the head, is mushroom-shaped, slightly flat at the top. 
In the frontal view, it is an ellipse with a slight depression on the dorsal side. 
There is a ring of ciliated epithelium at the edge of the head. The cilia are the 
locomotive organ of the larva. Another conspicuous organs of the head are ruby 
red eye-spots. They are concentrated symmetrically in two groups, each con-
sisting of about 20. 
The middle part, or the mantle, is a fold of the ectoderm lying b'etween the 
anterior and the posterior part, having a side slit on each side. The part is 
thus divided into two lobes, ventral and uorsal, the former being longer than the 
latter. Each lobe has a pair of bristle-bundles .on its edge. The dorsal paii: ·is 
located slightly near the median line, while the ventral bundles are near the 
lateral slits. These bristles do not play any part in the locomotion of the larva. 
At the base of the bundle exists a cell-mass projecting into the coelom of the 
mantle. These cells differentiate the bristles, and are surrounded by a broad 
muscular band. 
The posterior part, or the trunk, is divided into two parts. One is the large 
anterior region, called the proximal part; the other is the hindmost small part, 
called the distal part. The latter is almost colorless and semi-transperent in 
contrast with the other.regions of the body which are pale orange and opaque. At 
the center of the distal part many mucous glands are found: Cells of the epithelium 
of the trunk are .comparatively large, especially those of the distal part, which are 
cylindrical and cone-like. In the proximal part, there is an endodermal cell-
mass which later becomes the digestive organ. The endodermal cells contain many 
yolk granules. · The archenteron is seen in this cell-mass. Two pairs of muscles 
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are conspicuous in the body cavity of the proximal part They show a bilateral 
symmetry. One pair runs obliquely from the ventral side of' the distal part to 
the dorsal side of the proximal parL The other starts at the dorsal wall of the 
proximal part, and runs straight, being divided into two branches before they 
reach .the head regioh; one branch terminates at the base of the ventral lobe, 
and the other at that of the dorsal lobe. 
A larva just after con'lming out of the mother's shells shows a positive 
phototaxis obviously, but in a few hours the taxis turns irito negative: This is a 
notable habit of the free-swimming larva. The fact that a larva shows a negative 
phototaxis enables one to anticipate that it will soon metamorphose. But for 
metamorphosis it is necessary that the surface of the substratum is suitable for it. 
If not, the larva will never metamorphose. This point will be mentioned later 
again. The most suitable substratum is the above mentioned crustaceans coral-
line, Lithothamnion. 
A fully developed free-swimming larva sinks to the bottom of tlie container 
and, as it swims, it rubs the substratum with its head. It opens the dorsal bundles 
of bristles sometimes. At last it stops swimming, and begins to adhere to the 
substratum. 
At first, the larva lies on its ventral side. Suddenly it opens the dorsal bristles 




Fig. 2. Larva of. F. sanguinolenta in proqess of adhesi<;>n. 
A.-D. Lateral view. E. Front<_~-1 view of the last. stage, 
d :. dorsal side, v : ventral side, 
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and slowly lifts up the dorsal lobe of the mantle. Af the same time, the distal 
part protrudes and pushes the substratum, secreting mucus to stick there. The 
larva stands up· by and by on its distal part, then opens the ventral bristles and 
lifts Up the ventral lobe, The mantle turns inside out. The larVa contracts antero-
posteriorly many times to draw in the head between the lobes completely .. The 
four bundles of bristles stand upwards on the edge of the mantle (Fig. 2). 
The adhesion with its distal part is indispensable for a larva to metamorphose . 
. Without adhesion, the larva shows no sign of metamorphosis and stays to the end 
in the free-swimming stage and finally die. 
Various materials were examined for their suitability as substratum. They 
were ' .. glass plates, transparent or froSted, pieces of porcelain, various stones, 
crustaceous corallines of various species, plastic plates, etc. The larva adhered 
to none of them. But it is interesting that some depression on the surface of the 
substratum, seemed to induce the adhesion of the larva. 
· The adhered larva, being frightened, falls down on the substratum on its 
dorsal side. ·This habit is retained till the· adult stage, and that is why the living 
brachiopod lies on its dorsal valve. 
In a day after the adhesion, shells are secreted on the outer surface of the 
middle lobes. Since only the mantl.e has the ability to secrete the shell, the 
borderline between the shells and the trunk is seen very clearly. The distal part 
developes into the peduncle. A pair of tentacles comes out from the head 15-20 
hours after the adhesion. There ani short cilia on the whole surface of the tentalce. 
The developmental stages of the adhered larvae are classified by the number 
of tentacles, e.g., one pair of tentacl~s stage (! p.t. stage), 2 p.t. stage, etc. To 
use this denomination, it is said that the larva reaches 1 p.t. stage within 15-20 
hours after adhesion (Fig. 3, A). 
In 2 p.t. stage, 30--48 hours after, the second pair of tentacles comes out on 
both dorso-lateral sides of the head. At this time the 1st pair of t~ntacles is located 
at the ventro-lateral sides of the head. By this stage the eye-spots have completely 
disappeared. The mou_th opens in 2 p.t. stage (Fig. 3, B). 
Three days afte.r, the third pair of tentacles appears ·on the dorsal side of the 
head. Though they look like two adjoining buds at first, they become longer and 
gradually depart from' each other. This is 3 p.t. s\age. In this stage the head 
is becoming smaJler. The larval bristles fall 'do~;,,. and new ones, sensory 
bristles, appear at the edge of the mantle. Along the edge of the inner 
side of the shells, appear several small holes in a line, into which the 
protuberances of the mantle enter, uniting the mantle with the shell firmly 
(Fig. 3, C). 
About fo~i days after adhesion, the 4th p~ir of the t~nhi~Ies appears between 
the previous pair, i.e., at the apical regimJ of the a~m which supp~~ts the tentacles 




Fig. 3. Developmental stages of adhered larva of F. sanguinolenta. 
A. 1 p.t. stage. B. 2 p.t. stage. C. 3 p.t. stage. D. 4 p.t. stage. 
br : bristle, int : intestine, 1 : lip, m1 : mantle, mo : mouth, pe : peduncle, 
se : sensory bristle, sh : shell, st : stomach, te : tentacle. 
,:. 
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at their base. In this stage (4 p.t. stage), the head disappears completely. 
On the upperside of the mouth, there appears a thin fold of the mantle as 
if to cover the mouth. This is the lip, which elongates along the arm as the 
animal grows. Food is taken into the mouth through the groove between the lip 
and the arm with a water current. The distinction between the stomach and the 
intestine is clearly recognized. The antero-posterior axis of the stomach agrees 
with that of the body, while that of the intestine corresponds to the dorso-
ventral axis of the body, i.e., the intestine attaches to the stomach at a right angle. 
The length of the ventral shell is longer than the dorsal. Well-developed adductor 
and divaricator are observed (Fig. 3, D). 
It is said, therefore, that all the larval organs disappear by 4 p.t. stage. 
Further stages can be obtained from the natural environment if needed. 
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